. Oxygen free radicals are so reactive and their lifetimes so short that most methodologies are based on the putative products of oxidative stress (5).
The determination of thiobarbitunc acid reactants (TBARs)is a widelyused method for investigating overall lipid peroxidation. An assay kit that could be used with plasmaand lipidfractionswouldfacilitatestandardization of the method. The results reported hereindicatethatthe malondialdehyde(MDA) kit manufacturedby Sobioda (Grenoble,France)complieswith criteria of good analytical practices. The detection limit was 0.11 zmol of MDA per liter of plasma. The within-run (CV = 1.8-3.3%) and between-run(CV = 3.3-4.4%) precisionswere acceptable.The analytical recovery of MDA after supplementing human plasma samples with tetraethoxypropane standardsvaried from88% to 100%. The mean (SD) lipoperoxideconcentration determinedin32 healthyadults,ages Oxidative stress is involved in the physiopathology of several diseases (1), as well as in cell aging (2). Nonetheless, measuring the degree of oxidative stress a subject is undergoing is not in wide clinical use, in part because no standardized method has been accepted as measuring the oxidative stress status of humans (3,4). Oxygen free radicals are so reactive and their lifetimes so short that most methodologies are based on the putative products of oxidative stress (5).
Tests used in clinical practice to evaluate lipid peroxidation include fluorometry of lipofuscin-like substances in serum (6) ; spectrophotometry of conjugated dienes in lipid extracts of plasma (7) We then added 2 mL of butanol to each tube, extracted the TBA-MDA complex by shaking, and separated the phases by centrifugation. For fluorometric determination of the TEA reactants (TBARs) complex in the n-butanol extract we used wavelengths of 532 nm (excitation) and 553 nm (emission).
We determined induced MDA in each lipid fraction by the method of Anneren and Epstein (12). We mixed 100 pL of the fraction with 10 pL of an iron/ascorbate solution (10 and 250 anoI/L, respectively) to peroxidate the lipids. After incubating the mixture in a 37#{176}C water bath for 30 miii, we analyzed 100 pL of the reaction mixture as described above.
Analytical Performance
Detection limit. The detection limit was determined as described by Gatautis and Pearson (13). A sample containing MDA at a concentration three-to fivefold that of the reagent blank was measured 10 times, and the detection limit was calculated as 2 SD/mean.
Linearity. Linearity was established by using the correlation coefficient according Linear regressions and the correlation coefficient were then calculated.
A similar study was carried out with a high concentration range of standards (5,20,30, and 60 pmol/L).
Precision.
To determine between-run and within-run precisions, we froze aliquots of plasma from a control subject at -20 #{176}C, thawing these only before analysis. Within-run precision was calculated from 15 assays done on the same day. Between-run precision was calculated from 15 assays done over 30 days.
The within-run precision of the assay of TBARs in an isolated lipid fraction was calculated by performing five assays on the same day with the very-low-density and low-density lipoprotein fractions from one control subject.
Accuracy. Accuracy was measured by evaluating the analytical recovery of standard additions. Known quantities of the 10 mol/L standard solution were added to plasma from a healthy subject before adding the TEAacid reagent. After homogenizing the sample, TEA reactantswere measured as described above.
Specimens
Reference range. Normal plasma values were established with 32 apparently healthy subjects (laboratory workers and students), ages 20- 
Analytical Performance
Linearity.
The concentrations of the TEA-acid mixture affected the linearity of results when the method was used with plasma samples. Linearity was acceptable only for a sample/reagent volume ratio of 1/7.5. This effect was minimized when standard solutions were assayed (Figure 1) . The assay was performed by adc5ng kcrea&ng amounts of TEP to a plasma sample. The amount of MDA detected was determined by using a standard cufvs. The average concentration measured was used for calculating recovery.Resultsof one or two ragreeertistve aspetiments are shown. (CVs) over 30 days were <3.5% and <4.5%, respectively (Table 2) . During the assay period, plasma samples were stored at -20 #{176}C, with no freeze-thaw cycles, in traceelement-free tubes to maintain the stability of the plasma samples and preclude any in vitro lipoperoxidation. Precision was less when the method was applied to lipid fractions (CV = 12%) ( Table 2) .
Healthy subjects Adults
Effect of antioxidant addition.
The conditions for assaying TBA reactants include use of an acid mixture at 95#{176}C, conditions that can favor the continuation of lipid peroxidation.
In performing the assay, it is important to use de-ionized water and tubes that do not release transition elements. When this is done, the addition of BHT at the concentrations 
Specificity.
To test the specificity of the method, we used the same reaction mixture to assay plasma from 35 healthy subjects. The MDA-TBA complex was de- and that other aldehydes can also yield fluorescent complexes with TEA (15) (16) (17) .
Concentrations in Plasma
The normal range (2.51 ± 0.25 pmol/L, mean ± SD) determined in 32 normal subjects showed that there existed no sex-related difference for TBARs (Table 3) . The TEAR values from pathological plasma (Table 3) show the wide range of MDA concentrations that can be determined in patients.
Lipoprotein Fractions
The study of lipoprotein fractions involved 24 children with cystic fibrosis. The MDA content, expressed per The TBARs determined in a plasma sample were not in the light lipid fractions, but rather in the fractions containing both the high-density lipoproteins and the plasma pellet. Separation of the highdensity lipoproteins by a second ultraflotation showed that these fractions were not TBAR-rich either. The sum of TBARs measured in each of the fractions was correlated (Figure 3) with TBARs determined in total plasma (2.59 ± 0.40 moI/L calculated vs 2.90 ± 0.61 pmol/L measured; r = 0.73; P = 0.0001). These results confirm that MDA exists primarily as a Schiffbase compound in the protein fraction of plasma.
Discussion
Lipoperoxidation is a biochemical process shared by several different phenomena, either physiological (e.g., phagocytosis, mitochondrial respiration, platelet activation) or pathological (e.g., atherosclerosis, ischemia, chronic infections, hemodialysis) (18, 19) . The detection of an oxidation process of polyunsaturated fatty acids in vivo and the assay of secondary molecules released (whether or not they are responsible for tissue lesions) require the development of quantitative methods that satisfy the fundamental analytical criteria of withinand between-run precisions, sensitivity, specificity, and accuracy. The TBA test is the method most often used to quantify lipid peroxidation; however, among the numerous fluorometnic methods proposed, very few studies have evaluated these analytical criteria. From the present results we conclude that the Sobioda MDA kit complies with criteria of good analytical practices. The detection limit is 0.11 Mmol/L, which means that the method is applicable to assay of both lipid fractions and plasma, although it lacks the sensitivity of the HPLC methods of Petruska et al. On the other hand, HPLC methods take much longer and so are not adapted to screening studies. conditions. In addition, whenever
the measured values exceed 10 pmol/L (e.g., in vitro peroxidation studies, patients treated with bleomycin), the sample should be diluted. The pH of the acid mixture is 1, equivalent to optimal conditions of complex formation (24).
The within-and between-run precisions of the method are satisfactory,
with CVs in the range of 1.8% to 4.4%. These are higher than those reported for the Yagi method (9), which vary from 6.5% in our experience to 12% for Conti et al. (25) . The advantages of using this kit for assaying biological samples when monitoring patients is primarily the excellent analytical recovery. Some authors (23) have reported limitations of their fluorometric method, with analytical recoveries of 55% to 61%. Our study has shown that satisfactory recovery of standard additions requires very strict assay conditions, especially with regard to the sample/reagent ratio.
The aim of using an antioxidant in the assay is to limit the phenomenon of in vitro peroxidation. This can also be controlled by using reagents and materials that do not contain measurable quantities of iron. The use of chelators such as EDTA to prevent any peroxidation resulting from traces of iron raises the problem of the paradoxical role of iron (26) ; thus, the use of antioxidants is preferable. When appropriate material is used and kit methodology is strictly applied, BHT has no significant effect on the determination of TBARs. This could explain the excellent between-run precision of the method, provided the control of environmental variables is well-codified.
The values of TBARs measured fluorometrically are higher than those obtained by HPLC, in agreement with prior results (15,16) . The originality of the present work is that the same reagents and the same operating conditions were used for denivatization as were used for HPLC. These results confirm the fact that evaluating lipid peroxidation by measuring TBA reactants lacks specificity. The nonselectivity of the derivatization reaction thus must be taken into consideration, because other terminal aldehyde compounds, alk-2-enals, alka-2,4-dienals, and hydroperoxide functions formed during the decomposition of lipid peroxides can also form compounds similar to the MDA-TBA adduct (17) . The fluorometric assay can be considered an overall method that measures all of the compounds generated during lipid peroxidation. It thus measures the extent of total lipid peroxidation.
The clinical importance of the method was shown by the study of pathologies in which augmented lipid peroxidation is expected for nutritional or metabolic reasons.We showed that most plasma TBARs measured with the kit are not formed from lipids during the assay, but rather arise from the protein fraction. Plasma TBARs are not bound to lipoproteins. Lipoprotein fractions are poor in MDA (Table 3) , even though they can form the aldehyde once they are subjected to an oxidizing stress such as that used here (iron/ascorbate). These results confirm the high reactivity of MDA (27) , which readily reacts with neighboring biological molecules once it forms. MDA is found in the plasma protein fraction and not in the lipoprotein fraction. The good correlation calculated in the linear-regression study between TBARs measured and TBARs calculated by adding the contribution of each fraction argues for the good accuracy of the method. The significant difference between the two values could be due to the partial loss of lipoproteins during fractionation.
In conclusion, this simple, rapid, reproducible, and sensitive assay is adapted to screening patients who may be subjected to oxidative stress. It can be adapted by laboratories for the routine monitoring of their patients. Fluorometry remains necessary to prevent possible interference by molecules such as glucose (24) or bilirubin (28). Because the lack of specificity of the TBA reaction could lead to misinterpretations of increased lipid peroxidation in studies of human disorders, the more-specific HPLC methods should be used to confirm in vivo lipid peroxidation.
However, aside from the special equipment needed and the limitation of detector sensitivity, considerable time is required for the HPLC methods. The ease of use of the MDA kit, the ability to simultaneously process many derivatized samples, and the rapidity with which the derivative, once formed, can be quantified are practical reasons supporting the use of the kit in screening and monitoring lipid peroxidation in human disorders.
